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Abstract 
This tutorial aims at motivating the audience to consider asynchronous circuits as a competitive 
alternative to solve some of the design problems inherent to submicron technologies. One of the main 
reasons why designers are reluctant to incorporate asynchrony in their systems is the difficulty to design 
asynchronous circuits. 
Asynchronous circuits are promising to tackle problems such as electro-magnetic interference, power 
consumption, performance, and modularity of digital circuits. The tutorial will introduce state-of-the-art 
tools and methodologies for their design. It will cover aspects such as specification, architectural design 
and controller synthesis tools, of asynchronous circuits. The tutorial will concentrate on a particular 
design methodology for control circuits based on specifications with Signal Transition Graphs.  It will 
also cover design strategies for the microarchitecture, data-path and control circuits that have been 
successfully applied in the design of the asynchronous version of the ARM microprocessor. 
The tutorial is organized in three parts. The first part will give an overview of the main concepts related to 
asynchrony in circuit design: asynchronous communication, design styles, building blocks, control 
specification and implementation, delay models, classes of asynchronous circuits and advantages of 
asynchronous circuits. 
The second part will focus on the synthesis of control circuits. After a brief presentation of different 
specification formalisms, this part will describe a design flow based on specifications given as timing 
diagrams (Signal Transition Graphs). This design flow can be fully automated and the steps involved in 
this automation will be described: state encoding, derivation of next-state equations for speed-
independent circuits, hazard-free logic decomposition and synthesis with relative timing. Some basic 
concepts on testing and formal verification will also be covered. 
The third part is devoted to present real experiences in the design of asynchronous circuits. In particular, 
the asynchronous ARM microprocessor is used to illustrate the design of relevant parts of an 
asynchronous system (data-path, control, memory). This part will cover both architectural and design 
issues that are relevant to asynchronous design: conditional execution, multi-cycle instructions, "elastic" 
pipelines, self-timed memories, asynchronous caches, asynchronous intra-chip communication and 
globally-asynchronous locally-synchronous systems. 
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The presenters of the tutorial have a wide experience in the design methodologies of asynchronous 
circuits. All of them are members of the Working Group on Asynchronous Circuit Design (ACiD-WG), a 
consortium funded by the European Commission to promote RTD activities around the theme of 
asynchronous circuit design (see http://www.scism.sbu.ac.uk/ccsv/ACiD-WG for more details).  
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